Abstract. Impact simulation with finite element analysis is an appropriate manner to reduce the cost and time taken to carry out an experimental testing on a component. In this study, the impact behavior of the composite hemispherical shell induced by low velocity impact is simulated in ABAQUS software with finite element method. To predict the responses of Kevlar fabric/polyester, glass fabric/polyester and carbon fabric/polyester in the form of a hemisphere, once as one layer and then as a three-layered composite under applied force by an anvil. The sequences of layers are changed, to investigate and compare the occurred alternations in the amount of energy absorption, impact force and specific energy absorption (SEA). The comparison of results showed that the highest and the lowest quantity of energy absorption and SEA belong to Carbon/Glass/Kevlar (CGK) and Kevlar/Carbon/Glass (KCG) respectively.
Introduction
Composite materials have been used in different industries such as submarine, aerospace, buildings and other disciplines due to their high strength-to-weight ratio and flexibility. Structures in the form of hemispherical shell have higher resistance to pressure loading than other form of the geometrical vessel with the same condition, therefore it can be one of the important components of the engineering industry [1] . The impact induced damage in composite hemispherical shell in the industries may not have been seen during services and maintenance. When the composite material is under the impact, the strength of the material is reduced due to internal damage, while damage is not obvious on the impacted surface, this can be considered by low velocity impact [2] . The low velocity impact applied to composite materials has been studied in many researches with different shape of impactors at various velocities [3] . Most of the studies and published paper concentrated on low velocity impact analysis of composite laminated flat plates [4] . Ganapathy and Rao [5] used finite element based theoretical method to simulate and predict the mode of damage and failure in cylindrical/ spherical graphite/epoxy laminated composite shell induced by the low velocity impact. They found that the spherical shell is stiffer and also the created damage is more than cylindrical shell.
Finite element analysis (FEA) is one of the numerical techniques. It is used to acquire approximate solutions for problems with complicated geometries of boundary conditions in engineering. Various parameters of cylindrical and spherical shell was investigated by Shiuh and Yu [6] and simulated in finite element software to study the low velocity impact response of graphite/epoxy composite. Their results indicated that the deflection is lower, and in the structure with higher stiffness the contact force is more.
In this paper laminated composite shell in the form of a hemisphere with three different composite materials and various sequences of layers is modeled in the ABAQUS/Explicit. Kevlar fabric/polyester, glass fabric/polyester and carbon fabric/polyester are applied to the specimen once as one layer and then as a three-layered composite. The objective of this study is to consider the reaction of these three materials in the form of a hemisphere under low velocity impact, and to compare the difference between their amounts of energy absorption, specific energy absorption and the effect of layers' arrangement in this analysis.
Simulation of hemispherical shell based on finite element analysis
The finite element simulation of the model is created in ABAQUS software. The hemispherical shell is formed in three-dimensional space modeling in the type of deformable shell, and the anvil is modeled as a discrete rigid solid shape. The radius of hemispherical shell is 148mm. The radius, drop mass and velocity of hemispherical anvil is 50mm, 6.4kg and 6.84m/s respectively [7] . The geometry of the simulated models is shown in Fig. 1 . Boundary problems are also occasionally named field problems. During the analysis the domain is divided into a finite number of sub-domains which are called elements; these adjoin to each other at certain points named nodes [8] . The computational analysis is carried out based on linear analysis. The applied materials to hemispherical shell are composite laminate involves Young's modulus, Poisson's ratio, Density and Shear modulus. The mechanical properties of three materials are given in Table 1 . 
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Impact analysis of laminated composite hemispherical shell
ABAQUS is employed as a finite element software to analysis the response of the materials under low velocity impact generated by a hemispherical anvil. If the period of contact impactor is longer than the lowest mode of vibration of impacted structure, the impact can be considered to be a low velocity impact. The laminated composite specimen is simulated with different number of layers and thickness. The lamination sequence and the R/T ratio are shown in Table 2 . Three different materials are applied to the specimen and the model is impacted by discrete rigid anvil at 0° in the axial direction. The existent displacement for all specimens is at least 70mm. The deformed shape of the composite hemispherical shell subjected to low velocity impact by rigid anvil is demonstrated in Fig. 2 . 
Advances in Mechanical and Manufacturing Engineering
The amount of energy absorption of laminated composite hemispherical shell is equal to the area under force-displacement curve [9] . The specific energy absorption (SEA) of the specimens under impact which is defined as energy absorbed per unit mass of materials, can be indicated by:
(1)
Results and discussion
The low velocity impact was simulated to analyze the different response of the three applied materials to hemispherical shell. The Fig. 3 exhibits the resultant force-displacement of the materials. It is obvious that the applied velocity by anvil in the axial direction to the hemispherical shell cause linear elastic behavior without damage in the applied materials. In Fig. 3a it is clear that the glass-fiber shell and Kevlar-fiber shell have similar response during low velocity impact. The carbon fiber has the highest stiffness. Therefore, based on the obtained results of impact force in one layer composite the arrangement of materials is chosen and analyzed. Carbon due to its highest stiffness [9] is used as an outer shell of hemisphere, where the first contact performed by the impactor, and then Kevlar and glass are utilized as second and third layer respectively, these arrangements of material combination are plotted in Fig. 3b . As it is shown the combination of different sequence of applied material has various responses. The combination of Carbon/Kevlar/Glass (CKG) layers in comparison with Carbon/Glass/Kevlar (CGK) is higher, while carbon-fiber is the first layer in both specimens and only the placement of Kevlar-fiber and glass-fiber is changed. The comparison of the graphs indicates that if the thickness of the shell increase from 1mm to 3mm, the force value is increased [10] . Moreover, the results show that the stiffness of CGK is the highest and KCG has the lowest stiffness; the exact amount of outcomes can be seen in Table 3 . In order to acquire a better result, the energy absorption of the hemispherical shell with threelayer applied materials is shown in Table 3 . As it can be seen in this table the CGK due to highest stiffness with 1321.862J has the highest amount of absorbed energy. Fig. 4 shows specific energy absorption (SEA) of three-layer laminated composite specimens. In this analysis the mass of specimens is same while the energy absorption obtained for each composite is different. By referring to the Eq. 1, SEA depends on the ratio of energy absorption and the mass of each laminated composite. Therefore the specific energy absorption of CGK is the highest and CKG is slightly higher than KCG which has the lowest specific energy absorption.
Fig. 4. Specific energy absorption of CKG, CGK and KCG
Conclusion
In this study the comparison of the effect of the three different materials in the form of a hemisphere under low velocity impact has been simulated by finite element method in ABAQUS software. The hemispherical shell involves carbon, Kevlar and glass reinforcement polyester were analyzed separately. The carbon-fiber was stiffer than Kevlar and glass-fiber. Therefore it was used as an outer layer of hemispherical shell in CKG and CGK, and then Kevlar was utilized instead of carbon in KCG specimen. The arrangement of the layers was changed and the result revealed that the three layers with a different sequence of layers in the shape of the hemispherical shell have various responses under impact. The energy absorption, specific energy absorption (SEA) and stiffness of three-layer laminated composite are compared, and the acquired result proved that the energy absorption, specific energy absorption and stiffness of CGK is the highest due to its dependency on both arrangement of the applied material and thickness of the shell.
